Spanish dry-cured ham is a high quality product whose economic value is mainly given 33 by its curing time. An intense proteolysis takes place throughout the dry-cured 34 processing, which results in the generation of a high amount of peptides and free amino 35 acids responsible for the final quality of dry-cured hams. In this work, a peptidomics 36 approach has been used to study the evolution of peptides throughout the ham dry-37 curing process, identifying and quantifying the generated peptides in order to define 38 potential quality biomarkers. For this purpose, dry-cured hams extracts at different 39 processing times (0, 2, 3.5, 5, 6.5 and 9 months) were fractionated by size-exclusion 40 chromatography and analysed by nanoliquid chromatography coupled to tandem mass 41 spectrometry. Differences obtained in the relative quantification of peptides by using a 42 label-free methodology were useful to establish differences between processing times, 43 being peptides generated by the degradation of myosin light chain 1 protein those found 44 as main responsible for the observed differences during the last stages of curing. In 45 particular, APAPAPAPPKEEKI and PAPAPAPAPAPAPAPPKE, exclusively 46 identified at 9 months of curing, would be good potential markers to control the time of 47 curing and thus the final quality of dry-cured hams. 48 49
Introduction 54
Peptidomics is the area of science focused on the study of composition, interactions, and 55
properties of peptides present in biological samples. This field partially covers same 56 research approaches and uses similar methods as proteomics, although analytic and 57 experimental extrategies employed differ in some points [1, 2] . Peptidomics follows a 58 "top-down" approach that involves a difficult data analysis because it comprises 59 unspecific hydrolysis resulting in peptides showing a wide range of sizes and charge 60 states with any type of post-translational modifications. Usually its main goal is to 61 identify as many peptides as possible, which requires the manual evaluation of the 62 MS/MS spectra of each peptide and to verify the accuracy of the assignments. On the 63 other hand, proteomics principally adopts a "bottom-up" approach in which proteins are 64 enzymatically digested, mainly with trypsin enzyme, to generate peptides similar in 65 length, charge and properties. The identification of proteins is based on automatic 66 analysis of mass spectrometry data and database search, being not necessary the 67 identification of all the enzymatic fragments for a conclusive identification of each 68 protein of origin [3, 4] . 69
Peptidomics is an expanding area that was firstly applied in the medical and clinical 70 fields for the identification of signalling molecules such as neuropeptides and hormones 71 in biological samples [5, 6] and determine peptide biomarkers of diseases as cancer [7, 8] , 72 cardiovascular events [9,10] or Alzheimer's disease [11] . Later, peptidomics has also 73 become an essential tool in food science in order to study protein digestion and identify 74 bioactive peptides [12, 13] , characterise food-processing related proteolysis [14, 15] or 75 determine peptide biomarkers of food quality criteria [16, 17] . In this regard, the study 76 of peptide biomarkers may also include their relative quantification by using labelled or 77 label-free methods [18, 19] . Labelling methodologies provide the most accurate 78 employed, previously equilibrated with 0.01 N HCl. The separation was carried out 128 using 0.01 N HCl as mobile phase at a flow rate of 15 mL/h in a cool room (4 °C). 129
Fractions of 5 mL were automatically collected and monitored by ultraviolet absorption 130 at 214 nm (Agilent 8453 UV spectrophotometer, Agilent Technologies, Palo Alto, CA, 131 USA). Lastly, fractions corresponding to elution volumes from 125 to 160 mL were 132 pooled together and aliquots of 100 L were lyophilised for the subsequent analysis. 133
nLC-MS/MS analysis 134
The identification of the peptides was done by nanoliquid chromatography-tandem mass 135 spectrometry using an Eksigent Nano-LC Ultra 1D Plus system (Eksigent of AB Sciex, 136 CA, USA) coupled to the quadrupole/time-of-flight (Q-ToF) TripleTOF® 5600+ system 137 (AB Sciex Instruments, MA, USA) with a nanoelectrospray ionisation source (ESI). 138 Inc., Boston, MA, USA; http://www.matrixscience.com). 160
The identification of protein of origin of peptides was done using UniProt database, the 161 taxonomy parameter was designated as Mammalia, and oxidation of methionine (M) as 162 variable modification and none specific enzyme were selected for the database search. 163 Generated MS/MS spectra were searched in Mascot search engine v.2.3.0 software 164 using a significance threshold of p < 0.05 and a tolerance on the mass measurement of 165 100 ppm in MS mode and 0.3 Da for MS/MS ions. 166
The relative quantification was done using the label-free methodology described by 167
Gallego et al. [28] with slight modifications. This label-free approach is based on 168 replicates of the relative intensities of extracted ion chromatograms (XICs) for 169 precursors aligned using mass and elution time [23, 29] . Mascot search engine assigns 170 peptide matches to the protein of origin, requiring robust search parameters as 171 quantification is based on the identification at peptide level. Peptides identified in dry-172 cured ham at 9 months of processing were used as reference in the calculation of ratios 173 for individual peptides, which are obtained from the integration of the XICs from three 174
replicates. The method of integration was optimised, establishing quality criteria to 175 effectively eliminate outlier points. 176
Finally, statistical analysis was performed using SIMCA-P+ 13.0 (Umetrics AB, 177 Sweden) software. In this regard, Principal Component Analysis (PCA) and loading plot 178 analysis for dry-cured ham samples at different processing times were done. 179 180
Results and discussion 181
Control and characterisation of the quality of dry-cured hams is a difficult task since a 182 high number of factors such as genetics, processing conditions and ripening time are 183 involved in the process. Proteolysis is the main biochemical reaction that takes place 184 throughout the ham dry-curing process and plays a major role in the end product quality. 185
In this regard, the intensity of the proteolysis depends on the degree of activity exerted 186 by endogenous muscle enzymes (endopeptidases and exopeptidases), which generate 187 small peptides and free amino acids that contribute largely to the characteristic texture 188 and flavour of dry-cured hams [25, 30] . In the present work, a label-free methodology to 189 relatively quantify natural peptides generated at different times during the dry-cured 190 ham processing (0, 2, 3.5, 5, 6.5 and 9 months) have been used to establish differences 191 between them. For this purpose, a Principal component analysis (PCA) score plot was 192 performed to explain differences between processing times and obtain information on 193 those peptides that mainly influence the sample similarities and differences (see this protein in dry-cured hams at 9 months of processing by using tandem mass 223 spectrometry. In the present study, samples were analysed by nLC-MS/MS to follow the 224 proteolysis phenomena occurring throughout the ham dry-curing process. So, Table 1  225 shows the identification of 211 peptides as MYL1 fragments at different processing 226 times (0, 2, 3.5, 5, 6.5 and 9 months). This table lists the peptide sequences, the 227 observed and calculated masses together with the charge states, amino acids residues 228 preceding and following each sequence, and the processing times when peptides have 229 been identified. Among all the identified peptides, 142 of them were detected at 9 230 months of curing, which is similar to the previously result reported by Mora et al. [34] . 231
However, shorter peptides than those detected in the previous work have been identified 232 in this study, mainly resulting to be fragments of peptides earlier described. This fact 233 could be due to variabilities in the type of dry-cured hams, genetics, and differences in 234 the action of endopeptidases and exopeptidases during the processing [25] . Moreover, a 235 total of 77 peptides were exclusively detected at the end of the processing, so they could 236 be used as potential biomarkers to indicate a minimum curing time of 9 months. In fact, 237 recent previous works were focused on the study of naturally generated peptides Table 1 , in which is indicated that peptides 78 255 (APAPAPAPPKEEKI) and 111 (PAPAPAPAPAPAPAPPKE) have been exclusively 256 identified at 9 months of processing whereas the remaining three peptides were also 257 detected at other times using nLC-MS/MS analysis. Thus, Figure 3 shows the MS/MS 258 spectra of peptides APAPAPAPPKEEKI and PAPAPAPAPAPAPAPPKE. The 259 identification and relative quantification of these two peptides using the developed 260 peptidomics approach carried out in this study suggest their use as potential biomarkers 261 to control the time of curing and thus ensure the final quality of dry-cured hams. 262
Nevertheless, further analysis would be needed to confirm these peptides as biomarkers 263 of the ham dry-curing process, especially if considering that dry-cured hams with longer 264 processing times would be particularly interesting in order to avoid misleading 265 consumers and fraudulent activities regarding the quality of valuable dry-cured hams. 266 267
Conclusions 268
The use of peptidomics has resulted to be a very effective tool to study the evolution of 269 peptides during the processing of dry-cured ham as well as very useful to identify and 270 relatively quantify those peptides that could be used as potential biomarkers. This study 271 shows that differences obtained in the results of label-free relative quantification of 272 generated peptides throughout the dry-curing process are useful to establish differences 273 between processing times (0, 2, 3.5, 5, 6.5 and 9 months). Moreover, peptides derived 274 from myosin light chain 1 protein have shown to be the most influential at the end of the 275 processing, and specifically APAPAPAPPKEEKI and PAPAPAPAPAPAPAPPKE, 276 exclusively identified at 9 months of curing, could be potential markers to control the 277 time of curing and thus the final quality of dry-cured hams. 
